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W
Wאאא

١K אאאאאK
٢K אאאK
٣K אאFacEאK
٤K אאאאאK 
٥K אdc K
٦K אac Kאאac 

dcK 
٧K אאFDecoupling CapacitorsKE

א0.1 µF 1 µFאא
אK

٨K אאאacKא
אdcK

٩K אאאdc 


Wאא
 אFFunction GeneratorE
  dc ±15VFPower Supplies: ±15 VE
 741CFOp AmpE
 אF1/2wWEΩ x 2 100،1 kΩ،10 kΩ x 2، kΩ100، .220 kΩ x 2
 אאאFOscilloscopeE
 
FVOMEאא 



א٢٤٠ א א א 

 אאFE א 
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אW
אאFInput OffsetEאאFBias CurrentsE

١K   741C . Iin(bias)=80 nAאאאאא
אאא١J١Kאאdcאא

FNoninverting inputEאאFInverting inputKEאא١J١K 
٢K אא١J١K 
٣K אdcאאFNoninverting inputKEאא١J١K 
٤K אdcאאFInverting inputKEא١אJ١K 
٥K א١J١אאאIin(off)Iin(bias)K 

 




אאFOutput Offset VoltageE
٦K אא١J٢Kא

אK 
٧K אdcFVout(off)KEFVout(off)Eא١J٢ 
٨K אאאא١J٢1000Kאאא

אW 1000LVout(off)Vin(off) =Kאא١J٣K 

١אJ



א٢٤٠ א א א 

 אאFE א 
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אFMaximum Output CurrentE
٩K אא100 kΩאK 

١٠K אא100 kΩ.+15 Vאא
15א mVאK 

١١K אF10 kΩEאKאאא
 FShort Circuit Output CurrentKEאאא

١٢K אאFImaxEא١J٣K


אFSlew RateE
١٣K אא١J٣R2=100 kΩK 
١٤K אאאאFא20 µs/DIVEאK

.5 kHz 
١٥K אאאKאאא١J٤K 



١אJ



א٢٤٠ א א א 

 אאFE א 
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אFPower BandwidthE
١٦K אR210 kΩKאא1 kHzKא

א20. א VPP  
١٧K א120 kHzאאKאא

א8 kHzאאK 
١٨K אאאא١J٣K 
 

אאFMaximum Peak to peak ValueE 
١٩K א1 kHzKאאאKא

١אJ٤K 

 
FTroubleshootingE

٢٠K אdcacא١J٥ 
٢١K אא١J٥K 



 



א٢٤٠ א א א 

 אאFE א 
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FCritical ThinkingE
 

٢٢K אאאא١J٣–R2/R1Kא R2
א.68 

٢٣K אאא .R2 
٢٤K אאאא١J٦K 


א١FQuestions for Experiment 1E
 

١K אאא١J١EFW 
1 mVFE،5.6 mVFE،12.3 mVFE،17.6 mVFE

٢K אאא١J٢WEF 
1 nAFE،80 nAFE،2 mAFE،25 mAFE

٣K אאאא١J٣WEF
1 nA    FE،80 nAFE،2 mAFE،25 mAFE

٤K אfmaxא١אJ٤אWFE 
 FE،FE،FE،FE 

٥K אאאא١J٤WEF
5 mVFE،15 VFE،25 VFE،30 VFE 

٦K אאאFInput Offset CurrentEאא 
FInput Bias CurrentE  

٧K אאאFInput Offset VoltageE؟ 









א٢٤٠ א א א 

 אאFE א 
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٨K אאFSlew RateE؟א 









 
٩K אR2אא؟؟ 








 
١٠K אKאK 





 





א٢٤٠ א א א 

 אאFE א 
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אF١E
١J١WאFInput VoltagesE


V1 V2V1V2




١J٢WאאאאFInput Offset and Bias CurrentsE
Iin(off) Iin(bias)




١J٣WאאאאFInput and Output Offset VoltagesE
Vout(off) Vin(off)Imax




١J٤WאSRFSlew RateE،אVin(off)FPower 

BandwidthE،אאMPPFMaximum Peak to peak ValueEK
SRVin(off)MPP




١J٥WFTroubleshootingE
אאdc אac 
+15 V 
15 VJ

٢אFPin 2E


١J٦WFCritical ThinkingE
אאWR2 = 

אWA = 



א٢٤٠ א א א 

 אאFE א 
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F٢E
אא

FInverting AmplifierE
١K אא

 אאאאאK 
 אאאאאאא

אK 
 אאאאאKאK 
 אאK 
 אאאאK 
 אאאאאK 


٢K אא

 
  dc ±15V 
 741C 
 אאK 
 K
 אF1/2wWEΩ x 2 100،1 kΩ،2.2 kΩ،10 kΩ،100 kΩ 









 



א٢٤٠ א א א 

 אאFE א 
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٣K אאW 
אאאא٢J١K



٤K W

٤J١K אאdcאacKאאא
100 HzKאאאאא

אאאאאאK
٤J٢K אאאאאFGEG = - Rg / R1K

אGאאא
אK

٤J٣K אאאאWG = VA / VE 
٤J٤K א3א dBאאflKאא70.7 %

אאK 
٤J٥K אKא

Kא?א?אא
אאK 

٢אJ١W 



א٢٤٠ א א א 

 אאFE א 
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٤J٦K אFאאאEאBK 
٤J٧K אא ftFTransition FrequencyEאא0dBK 
٤J٨K אאאאאאא

אאאRCK 


٥K אW
٥J١K אאאא٢J١R1 = 100 ΩRg = 100 kΩKא

אאאGאKא10 mVK
אאאאאFOscilloscopeEא١Kא

אאK 
٥J٢K א١R1 = 100 kΩRg = 10 kΩK 
٥J٣K R1 = 1 kΩRg = 10 kΩKא.100 mV

١אKא٢אK 
٥J٤K אאאGאf Kאאאfl1…fl3

אאfTK 
٥J٥K אאא٥J٤K 
٥J٦K R1 = 100 Ω.Rg = 100 kΩאVEאVAא

אאKאאאאאאVEK  ft1 
10 mVKאאאאftKא

אאאFVAEאאאK 
٥J٧K R1 = 100 ΩRg = 10 kΩKאאא

אאfl2K 




 



א٢٤٠ א א א 

 אאFE א 
 
 

- ١١ - 

٦K אF١E 
٦J١K ١F٥אJ١WE 
 

R1 = 100 Ω,  Rg = 100 kΩ,                            G =…………………………………   


f / Hz 10 100 1 k 10 k 100 k 200 k 
VE / V 0.01 0.01 0.01 0.01 0.01 0.01 
VA / V       
G       

 
F٥אJ١WE 

R1 = 100 Ω,  Rg = 10 kΩ,                            G =…………………………………  
  

f / Hz 10 100 1 k 10 k 100 k 200 k 
VE / V 0.01 0.01 0.01 0.01 0.01 0.01 
VA / V       
G       

 
٦J٢K ٢F٥אJ٣WE 

R1 = 1 kΩ,  Rg = 10 kΩ,                            G =………………………………… 
  

f / Hz 10 100 1 k 10 k 100 k 200 k 
VE / V 0.1  0.1 0.1 0.1 0.1 0.1 
VA / V       
G       












א٢٤٠ א א א 

 אאFE א 
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F٥אJ٤WE

100 1k 10k 100k 1M

 

1000

10

100

1






G = - 1000:      fl1 ≈……….kHz                  fT > ……….kHz                      
G = - 1000:      fl1 ≈……….kHz                                          
G = - 1000:      fl1 ≈……….kHz                                          

 
٦J٣K ٣F٥אJ٥WE

acאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKW
אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK





f / Hz

٢אJ٢Wאא 



א٢٤٠ א א א 

 אאFE א 
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F٥אJ٦WE
R1 = 100 Ω,  Rg = 100 kΩ, VE =0.01 V
fl = fl1 = ……….kHz                            

                          
fl /10fl10fl
ϕ / °


F٥אJ٧WE

R1 = 100 Ω,  Rg = 10 kΩ, VE =0.01 V
fl = fl2 = ……….kHz                             

                        
fl /10fl10fl
ϕ / °


٧K אWא٠
















א٢٤٠ א א א 

 אאFE א 
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F٣E
אא

FNoninverting AmplifierE
١K אא

 אK 
 אאאאאK 
 אאאאאאאK

אK 
 אאאאאK 
 אK 


٢K אא
 
  dc ±15V 
 741C 
 אא٢FTwo MultimetersKE
 אF1/2wWEkΩ  10،1 kΩ x 2،2.2 kΩ،

10 kΩ x 2،22 kΩ 










 



א٢٤٠ א א א 

 אאFE א 
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٣K אאW 
אא٣J١K 


 
٤K W

٤J١K אאאאא
E FאאEאRgKאא

אRgR1א،VEאא E+Fא
אKEא٣אJ١K 

٤J٢K אאאאאאא
אאFKE 

 VD = VA/G0 G0אאא
  VD = VE+ - VE- = 0VE = VE+ = VE- 

 



٣אJ١Wא 



א٢٤٠ א א א 

 אאFE א 
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٤J٣K אאאאאאא

אא،RgR1אW 
VA/VE = (R1 + Rg)/R1 

אאWG = VA/VE 
אאאFRg,R1EאW

G = (R1 + Rg)/R1 = 1 + Rg/R1
 
٥K אW

٥J١K אא١אאRg = 2.2 kΩR1 = 22 

kΩKאאאא١אK
אאאאאK 

٥J٢K אאא٥J١אא
אאK 

٥J٣K אRgR1kΩ 10א
א٥אJ١K 

٥J٤K אאא٥J٣אא
אאK 

٣אJ٢Wא 



א٢٤٠ א א א 

 אאFE א 
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٥J٥K אRgR1 Rg = 22 kΩR1 = 2.2 kΩK
אא٥אJ١K 

٥J٦K אאא٥J٥אא
אאK 

٥J٧K אIEאא٥J٥אא
K 


٦K א٣W 

٦J١K ١F٥אJ١WE     R1 = 2.2 kΩ،  Rg = 22 kΩ 
VE / V -6 -4-20+2+4+6
VA / V

G 


F٥אJ٢WEG =…………………….. 


F٥אJ٣WER1 = 10 kΩ،Rg = 10 kΩ
VE / V -6 -4-20+2+4+6
VA / V

G 


F٥אJ٤WEG =…………………….. 


F٥אJ٢WE
VE / V -0.6 -0.4-0.20+0.2+0.4+0.6
VA / V

G 





א٢٤٠ א א א 

 אאFE א 
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٦J٢K ٢F٥אJ٦WEG = …………………………. 


 

F٥אJ٧WE 
אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK،אKKKKKKKKKKKKKKKKKKKKKKKKKKKK 




٧K אWא٠



















 



א٢٤٠ א א א 

 אאFE א 
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F٤E
א

FIntegrator using an Op-AmpE
١K אא

 אK 
 אאK 
 אא،אאK 
 אאאאאK 
 אאאאאK 
 אאאK 
 אאאאאK 


٢K אא
 
  dc ±15V 
 741C 
 אאK 
 אאFMultimeterKE
 אF1/2wWEkΩ 10 
 W0.1 µF x 2   








 



א٢٤٠ א א א 

 אאFE א 
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٣K אאW 
אא٤J١K 


 
 
٤K W 

٤J١K אאאאאKא
אאאK 

٤J٢K אאאאאאאא
אCgK 
אאאG0אKאאאVD

אKאאE-אאFאאאWE
I1 = VE / R1  VA = VC 

،אאIEאW
I1 + IC = 0 I1 = - IC

א QאICאtWQ = IC.t Q = C.tWVC = IC.t/C  

   VC = VA I1 = - IC = -VE/R1WVA = - VE.t / R1.C

٤אJ١Wא 



א٢٤٠ א א א 

 אאFE א 
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אאאאאאKא
א R1.CKאאאא

אK 




٤J٣K א،אאאK
אאאאאKא

אKאאאאא
אK 

 
٥K אW 

٥J١K אאאא٤J٢ Cg = 50 nF F0.1 µF
אאKEאאאאאKא100 Hz

150  mVאאKאאאא
אאאVE VAא١K 


 

 
 

VD
 

→I1 →IE 

↓ 
IC 

VC 

٤אJ٢Wא 



א٢٤٠ א א א 

 אאFE א 
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٥J٢K אCg0.2 µFF0.1 µFאאKEא
٥אJ١ 

٥J٣K אאא٥J١٥J٢KאK 
٥J٤K אCg0.1 µFא100 mVאאKא

אאאאאאVE VAא٢K 
٥J٥K א500 HzאאאאאאאVE 

VAא٣K 
٥J٦K אאא٥J٤٥J٥K

אאK 



















 



א٢٤٠ א א א 

 אאFE א 
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٦K א٤W 
٦J١K ١F٥אJ١WECg = 0.2 µF, f = 100 Hz 















 
F٥אJ٢WECg = 0.2 µF, f = 100 Hz 











 

 

Y1 = ……………….
Y2 = ……………….
 X = ……………….

 

Y1 = ……………….
Y2 = ……………….
 X = ……………….

 



א٢٤٠ א א א 

 אאFE א 
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٦J٢K ٢٥אJ٣WCgא
KKKKKKKKKKKKKKKKKKKKא،KKKKKKKKKKKKKKKKKKKKאKKKKKKKKKKKKKKKKKKKK 

 
٥אJ٤WCg = 0.1 µF, f = 100 Hz

















٧K אWא٠









Y1 = ……………….
Y2 = ……………….
 X = ……………….

 



א٢٤٠ א א א 

 אאFE א 
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F٥E
אא

FSumming AmplifierE
١K W

אאKא
אאאKאא

אאK


٢K אאW
 אFFunction GeneratorE
  dc ±15VFPower Supplies: ±15 VE
 741CFOp AmpE
 אF1/2wWE10 kΩ x 3K 
 אאאFOscilloscopeE
 
 אאFVOME 


٣K אW
١K אאאא١א 1 Vpp.1 kHz

אאאא٥J١Kאא
FVppEאאא٥J١K 

٢K אאא٥אJ١Kא١אאאאv1v2K
אFVppEאאא٥J٢K 

٣K א١R1 = 22 kΩKאא1 Vpp؟
אKKKKKKKKKKKKKKKKKKKKW 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٢٦ - 

٤K R133 kΩK1 Vppv1 = v2 =אKא
KKKKKKKKKKKKKKKKKKKW 

٥K א١RF = 27 kΩKאא1 Vpp؟
אKKKKKKKKKKKKKKKKKKKKW




٦K א٦J١ RF=27 kΩ R1 = R2 = 10 kΩ Kאא
א٥J٣K 

 
٧K אאR1 = R2 = 10 kΩ  .RF=27 kΩv1א٥J٣אK

אK 
 
٤K אF٥EW

٥J١WA1 = …………………, A2 = ……………….. 
S1 S2 V1 V2 vout 

Open Open 0 0 
OpenClosed 01 Vpp 

ClosedOpen1 Vpp0 
ClosedClosed1 Vpp1 Vpp

٦אW



א٢٤٠ א א א 

 אאFE א 
 
 

- ٢٧ - 

٥J٢WA1 = …………………, A2 = ………………..
S1 S2 V1 V2 vout 

Open Open 0 0 
OpenClosed 01 Vpp 

ClosedOpen1 Vpp0 
ClosedClosed1 Vpp1 Vpp


٥J٣W S1S2
  V1V1 0.5 Vpp 1 Vpp 1.5 Vpp 2 Vpp 

vout    
vout  




א٥FQuestions for Experiment 5E 
١K א١אWEF 

0FE،1FE،2FE،10FE
٢K א1 Vppא١אvoutFאEEFW 

0 VFE،1 VFE،V2FE،V10FE
٣K  R1 = 33 kΩא١א pp WEF

0 V    FE،1 VFE،1.3 VFE،5.4 VFE
٤K  RF = 27 kΩא١א pp WEF 

0 V FE،1 VFE،1.3 VFE،5.4 VFE 
٥K אאS1אS2א pp EFW

0 VFE،1 VFE،2 VFE،10 VFE 
٦K  v1 = 1.5 V (dc) v2 = -2 Vאא

WEF 
0.5 VFE،-0.5 VFE،3.5 VFE،-3.5 VFE 

٧K אKאK 



א٢٤٠ א א א 

 אאFE א 
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F٦E
אא

FThe Differential AmplifierE
١K W

אאאאא
אKאאKאאא

אFInput Offset CurrentEאא،FInput Bias CurrentEא،
אFInput Offset VoltageEאאFCommon-Mode Rejection ratioKE

אאאאאאK


٢K אאW
 אFFunction GeneratorE
  dc ±15VFPower Supplies: ±15 VE 
 אF1/2wWE22 Ω x 3, 100 Ω x2, 1.5 kΩ x2, 4.7 kΩ x2, 10 kΩ x2 K 
 אW2N3904 x2 
 W0.47 µF  
 אאFVOME
 אאאFOscilloscopeE
  
 

٣K אW 

אאFTail Current and Base CurrentsE
٣J١K אβdc = IC/IB = 200KאאFאITאא

אאאREKEאא٦J١Kא
אאK 

٣J٢K אאאא٦J١ 
٣J٣K אITK 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٢٩ - 

٣J٤K אאאFVOMEאאKא
אאאאאFOscilloscopeEאdc

אאאאKא
٦אJ١




אאאFInput Offset and Bias CurrentsE 
٣J٥K א٦J١אאאאאK

אא٦J٢K 
٣J٦K א٦J١אאIin(off) . Iin(bias)א

٦אJ٢K 


↓
IT

٦אJ١W



א٢٤٠ א א א 

 אאFE א 
 
 

- ٣٠ - 

אאFDifferential Voltage gainE
 

٣J٧K אא٦J٢A = RC/2(rE + r`e) Kא
٦אJ٣K 

٣J٨K אאאא٦J٢Kאא1 kHz10 

mVppK 
٣J٩K אKאאא٦J٣K







٦אJ٢W



א٢٤٠ א א א 

 אאFE א 
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٤K אF٦EW
٦J١WאאFTail Current and Base CurrentsE 

 
IT = ……………….. IT = ……………….. 

IB1 = ……………….. IB1 = ……………….. 

IB2 = ……………….. IB2 = ……………….. 


٦J٢WאאאFInput Offset and Bias CurrentsE

 
Iin(off) = ……………….. Iin(off) = ……………….. 

Iin(bias) = ……………….. Iin(bias) = ……………….. 


٦J٣W אFVoltage GainE

 
A = ……………….. A = ……………….. 


٥K א٦FQuestion for Experiment6E
١K אאא٦J١WEF 

1 µAFE،23.8 µAFE،47.6 µAFE،9.53 mAFE
٢K אא٦J١WEF 

1 µAFE،23.8 µAFE،47.6 µAFE،9.53 mAFE
٣K אאא٦J١W

EF
1 µAFE،23.8 µAFE،47.6 µAFE،9.53 mAFE 

٤K אKאK 





א٢٤٠ א א א 

 אאFE א 
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F٧E
אא

FComparatorE


١K W
Kאאאא

אאאK
٢K אאW

 אFFunction GeneratorE
  dc ±15VFPower Supplies: ±15 VE 
 אF1/2wWE2.2 kΩ, 100 Ω, 1 kΩ, 100 kΩ, 10 kΩ x2 K 
 W1 kΩ 
 אW1N41481N914 
 WL53RD, L53GD 
 W741C 
 W0.47 µF x2, 100 µF  
 אאFVOME
 אאאFOscilloscopeE
  











א٢٤٠ א א א 

 אאFE א 
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٣K אW 

٧J١K אאאא٧J١K 





٧J٢K אאאFdcEאF10 kΩKEא 
FFunction GeneratorE 100 Hz1 VppFא

אאKE
٧J٣K אאאKאא

٧אJ١K 
٧J٤K א100 mVאK

אאא٧J١K 
٧J٥K אאאKאK 
٧J٦K 100 µF אאאא

٧אJ٢K 

٧אJ١W



א٢٤٠ א א א 

 אאFE א 
 
 

- ٣٤ - 


 

٧J٧K א1 VKאdcKאא
א٧J٢K 

٧J٨K א100 VKאdcKא
א٧אJ٢K 

٧J٩K אאאאK dcK 
٧J١٠K אאאא٧J٣K 
٧J١١K א1 Vא2.2 kΩK 
٧J١٢K אאאK 
٧J١٣K אאvpp100 mVאא 

2.2 kΩKא٧J١٢K 
٧J١٤K אאאא٧J١٢vpp1 VK 

٧אJ٢W



א٢٤٠ א א א 

 אאFE א 
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٤K אF٧EW

٧J١W 
٧J١٧J٤ 

vin = ……………….. vin = ……………….. 

vout = ……………….. vout = ……………….. 


٧J٢W

٧J٧٧J٨ 
vin = ……………….. vin = ……………….. 

vout = ……………….. vout = ……………….. 








א٢٤٠ א א א 

 אאFE א 
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٥K א٧WFQuestions for Experiment 7E
٥J١K אאא٧אJ١WEF 

FE،FE،FE،FE
٥J٢K א٧J٢WEF 

אppFE،אאFE،אאFE،אאFE
 
٥J٣K אKאK 

























א٢٤٠ א א א 

 אאFE א 
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F٨E
אאא

FWaveform Shaping Using Operational AmplifierE
١K W 

אFSchmitt TriggerKEא
KאFSchmitt TriggerEא

אK
אאRCאFSchmitt TriggerEא

FRelaxation OscillationKEאאא
אK

 
٢K אאW 

 אFFunction GeneratorKE
  dc ±15VFPower Supplies: ±15 VE 
 אF1/2wWE 

100 Ω, 1 kΩ, 2.2 kΩ x2, 10 kΩ, 18 kΩ x2, 22 kΩ, 100 kΩ K 
 W741C x2, 318C 
 W0.1 µF x2, 0.47 µF x4  
 אאFVOMKE
 אאאFOscilloscopeKE
 K 
 אאאFFrequency CounterKE 


٣K אW 
٨J١K א٨J١א؟אppKא

٨אJ١KאאFTrip PointsKE 
٨J٢K אאKא1 Vpp1 kHzK 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٣٨ - 

٨J٣K אאאאKאא٨J١K
אppK 

٨J٤K אאאאאאFdcKEא
אUTPאKאאLTPאK 

٨J٥K א.20 kHzאK 
٨J٦K א.1 kHzא 318C.714Cא

K 
٨J٧K אאFSlew RateE714C

אאK 

 




 

٨אJ١W



א٢٤٠ א א א 

 אאFE א 
 
 

- ٣٩ - 

٤K אF٨EW 
٧J١W 

  
Shape = Shape = 

MPP =MPP =

UTP = UTP = 

LTP =LTP =


٥K אWא٠























א٢٤٠ א א א 

 אאFE א 
 
 

- ٤٠ - 

F٩E
אא

FActive FiltersE
١K W 

אאKK
אKאאK

א1MHzK
אאאKא

1MHzK
אאאאאאאאא
אאK

אאאאאאאFLow Pass FilterE
אאאאFHigh Pass FilterKE
 
٢K אאW 

 אFFunction GeneratorKE
  dc ±15VFPower Supplies: ±15 VE 
 אF1/2wWE 

120 Ω, 12 kΩ x3, 22 kΩ x3, 33 kΩ, 39 kΩ, 47 kΩK 
 W741C  
 W1 nF, 4.7 nF x3, 33 nF x3  
 אאFVOMKE
FOscilloscopeKEאאא 
 K 




 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٤١ - 

٣K אW 
אאאאא 

٩J١K אאא٩J١KאK 
fc = ……………….. 

٩J٢K א؟אאאא
K 

 =......................،    تحت ..................... = 
٩J٣K אאאא٩J١K 




 
٩J٤K א١אאאאאא٢אKא

1 V.100 Hz 
٩J٥K אאאאאK 

٨אJ١Wאאאאא 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٤٢ - 

٩J٦K אאא3 dBאK
אא1 Vppא  0.707 Vpp

אWfc = ………………… 
٩J٧K אאאKאppW=…………     

vout 
٩J٨K אאאKKאppW=…………. 

vout 
٩J٩K אאאא٩אJ١א٩J٢K 
٩J١٠K אאא٩J١K 

אאאאא
٩J١١K אאאא٩J٢KאK 

fc = ……………….. 
٩J١٢K א؟אאאא

K =......................،    تحت ..................... = 
٩J١٣K אאא٩אJ٢K


 ٩אJ٢Wאאאאא 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٤٣ - 

٩J١٤K א١אאאאאא٢אKא
1 V.20 kHz 

٩J١٥K אאאאאK 
٩J١٦K אאא3 dBאK

אא1 Vppא  0.707 Vpp
אWfc = ………………… 

٩J١٧K אאאKKאppW=……. vout 
٩J١٨K אאאKאppW=……     vout 
٩J١٩K אאאאא٩J١١א٩J١٢K 
٩J٢٠K אאא٩J٢K 

 
٤K אF٩EW 

٩J١Wאאאאא 
 

א א 
100 Hz

200 HZ 

400 Hz 

1 kHZ 

2 kHz
4 kHZ 

10 kHz 

20 kHZ 

40 kHz








א٢٤٠ א א א 

 אאFE א 
 
 

- ٤٤ - 


٩J٢Wאאאאא


א א 

100 Hz

200 HZ 

400 Hz 

1 kHZ 

2 kHz
4 kHZ 

10 kHz 

20 kHZ 

40 kHz


٥K א٩FQuestion for Experiment 9E

٩J١K אא٩J١FW
E 

100 HzFE،1 kHzFE،2 kHzFE،10 kHzFE
٩J٢K אא٩J١אFButterworthEWEF 

אאאFE،FE،Q = 0.707FE،
FE

٩J٣K אא٩J٢אWEF
אאאFE،אאאFE،FE،FE

٩J٤K אא٩J٢W
100 HzFE،1 kHzFE،2 kHzFE،10 kHzFE

٩J٥K אKאK 





א٢٤٠ א א א 

 אאFE א 
 
 

- ٤٥ - 

F١٠E
אאא

FThe 555 as Astable MultivibratorE
١K W 

אFTimersEאFICEאא
אFPulse GeneratorEאKא٥٥٥א

אאאאאאאא
אאKNE555אMC1455CA555.LM55 

א٥٥٥אאאFAstable Pulse generatorE
אKאאאFPeriodEאאR1R2CKW 
אT אאf א DאK


٢K אאW 

 אFFunction GeneratorKE
  dc 15VFPower Supply: 15 VE 
 אF1/2wWE 

1 kΩ, 4.7 kΩ, 10 kΩ x2, 22 kΩ, 47 kΩ, 68 kΩ, 100 kΩK
 W741C  
 W1kΩ 
 W0.01 µF, 0.1 µF x3, 0.47 µF x3  
 אW2N3906 
 WNE555 
 אאאFFrequency CounterE 
 אאFVOMKE
 אאאFOscilloscopeKE
 K 
 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٤٦ - 

٣K אW 
٩J١K אאאאאא١٠J١

א١٠J١KאK 
٩J٢K אאאא١٠J١R1 = 10 kΩR2 = 100 kΩK 
٩J٣K אאאאאK 
٩J٤K אאWKאא Dא١٠J١K 
٩J٥K א٦אאאKאK 
٩J٦K אא١٠J٢١٠J٥אא

١٠אJ١K 







١٠אJ١Wאא 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٤٧ - 


٤K אF١٠EW 

١٠J١W
 

R1 
 
R2 


D                       f 


D                       f

10 kΩ 100 kΩ
100 kΩ10 kΩ
10 kΩ10 kΩ


 
 

٥K אWא٠





 













א٢٤٠ א א א 

 אאFE א 
 
 

- ٤٨ - 

 
F١١E

אאא
FThe 555 as Monostable MultivibratorE

١K W 
אFTimersEאFICEאא

אFPulse GeneratorEאKא٥٥٥א
אאאאאאאא

אאKNE555אMC1455CA555
.LM555אאאאאאאא

א٢אא
אFאאKE אאאאא

אK
٢K אאW 

 אFFunction GeneratorKE
  dc 15VFPower Supply: 15 VE 
 אF1/2wWE 

1 kΩ, 4.7 kΩ, 10 kΩ x2, 22 kΩ, 47 kΩ, 68 kΩ, 100 kΩK
 W741C  
 W1kΩ 
 W0.01 µF, 0.1 µF x3, 0.47 µF x3  
 אW2N3906 
 WNE555 
 אאאFFrequency CounterE 
 אאFVOMKE
 אאאFOscilloscopeKE
 K 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٤٩ - 

 
٣K אW 

١١J١K ١١אJ١אאKא
א٥٥٥Kאאאא

א١١J١K 
١١J٢K אאאא١١J١ R = 33 kΩ. 
١١J٣K F٦אאKEא1 kHzK

אאא90 %K 
١١J٤K אKאK 
١١J٥K אאא١١J٢١١אJ٤אאא

א١١J٢K


١١אJ١Wאא



א٢٤٠ א א א 

 אאFE א 
 
 

- ٥٠ - 

٤K אF١١EW 
 

١١J٢W 
R  W W

33 kΩ 

47 kΩ

68 kΩ

 
٥K אWא٠






















א٢٤٠ א א א 

 אאFE א 
 
 

- ٥١ - 

F١٢E
אאא

FThe Phase-Shift OscillatorE
١K W 

אאאאאאא
אאאאאא

אאKאKא
אKאא،

אKאאא
אאאK

 
٢K אאW 

 אFFunction GeneratorKE
  dc ±15VFPower Supply: ±15 VE 

אF1/2wWE10 kΩ x3K 
 W741C  
 W360 kΩ 
 W0.01 µF x3  
 אאFVOMKE
 אאאFOscilloscopeKE
 K 
 

٣K אW 
١٢J١K ١٢אJ١אאאאKאאא

Rfאא١٢J١K 
١٢J٢K אאאא١٢J١Kאאא

אאK 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٥٢ - 

١٢J٣K א RfK 
١٢J٤K אאאאאאK 
١٢J٥K אא١١J٢K


 
 

 
٤K אF١٢EW 

١٢J٢W 
  

Rff(Hz) Vppf(Hz) 



 
٥K אKא







١٢אJ١Wאאא 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٥٣ - 

F١٣E
א

FWien-Bridge OscillatorE
١K W 

אFWien-Bridge OscillatorEאאאK
אF5 Hz1 MHzKEאאא

אאאK
 
٢K אאW 

 אFFunction GeneratorKE
  dc ±15VFPower Supply: ±15 VE 

אF1/2wWE
1 kΩ  x2, 2.2 kΩ  x2 , 4.7 kΩ x2, 8.2 kΩ, 10 kΩ x2K
 WLM741C  
 W5 kΩ 
 W0.01 µF x2, 0.47 µF x2,   
 אW1N41481N914 
 WL53RD 
 אאFVOMKE
 אאאFOscilloscopeKE
 K 
 אאאFFrequency CounterE 





 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٥٤ - 

٣K אW 
١٣J١K א١٣J١אאR

١٣אJ١KאMPPK 
١٣J٢K אאR = 10 kΩKאאאאאKאR3

FKE 
١٣J٣K אKאppKאא١٣J١ 
١٣J٤K אא١٣J٢א١٣J٢אRK 



 





 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٥٥ - 

٤K אF١٣EW 
١٣J١W 

 
Rf MPP f MPP 

10 kΩ 
4.7 kΩ 
2.2 kΩ 

 

٥K אKא 



















א٢٤٠ א א א 

 אאFE א 
 
 

- ٥٦ - 

F١٤E
אא

FCommon Emitter CircuitE
١K אא

 אאאK 
 אאאאאאאK 
 אK 
 אאאK 
 אK 
 אאאK 
 

٢K אא
 
  dc ±15V 
 741C 
 אאK 
 K 
 אWBC107
 אF1/2wWEkΩ 680،100 kΩ،x2  47 kΩ،22 kΩ،10 kΩ 
 W10 µF, 47 µF, 100 µF,    











א٢٤٠ א א א 

 אאFE א 
 
 

- ٥٧ - 

 
٣K אאW 

אאאא١٤J١K


 
 
٤K W

٤J١KאאFOhmic CircuitKEאאא
אK

٤J٢Kאאאאא١٤J٢אא
אאאאK 

٤J٣KאאאאKאא
אאאאR1FאS1KEאS1W

1
22

1

R
v
vr

r
v

R
v

i

i
i

i

ii

∆
=⇒=

∆riאK 

אאאאאאאKא
אאאFאS2KEאS2W 

١٤אJ١Wאא 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٥٨ - 

2
02

0
0

02

2

0

0 R
v
vr

v
R

v
r ∆

=⇒=
∆

r0אK 

٤J٤Kאאאא
אK

 


٥K אW

٥J١K אאאא١٤J١Kאאאא 

dcאאאאא
א1.5א V2 Vאאאא، 8 V9 VKאא

אאאאאFא
אאKE 

 
 vE (V)vC (V)



 

١٤אJ٢Wאאאאא 

vi1 vi2

∆vi

v01 v02

∆v0



א٢٤٠ א א א 

 אאFE א 
 
 

- ٥٩ - 

٥J٢K אB1אB2אאאא
5 Vpp Fv0ppE.אvippאAvKאא

؟אאא 
 

v0pp (V)vipp (V)Av ϕv 


 
٥J٣K אאB1KאאאאK 
 

B1 B1  א
vi1pp   (mV)vi2pp   (mV)ri = (vi2pp /∆vi1pp)R1   (kΩ)



 
٥J٤K אB1KאאB2KאאK 


 
B2 B2  א

v01pp   (V)v02pp   (V)r0 = (∆v0pp/ v02pp)R2   (kΩ)


 
٥J٥K אאאאFpeak-to-peakEא

אאK 
 

iipp = vipp/ri   (µA)i0pp = v0pp/R2     (µA)Ai = i0pp/ iipp)R2





 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٦٠ - 

٥J٦K אGpאK 


אPower Gain
Gp = Av.Ai




٦K אWא٠























א٢٤٠ א א א 

 אאFE א 
 
 

- ٦١ - 

F١٥E
אא

FCommon Collector CircuitE
١K אא

 אאאאאK 
 אאאאאאאK 
 אאאאאK 
 אאאK 
 אאאK 
 

٢K אא
 
  dc ±15V 
 741C 
 אאK 
 אK 
 אWBC107
 אF1/2wWEkΩ, 1 MΩ 680،100 kΩ،  47 kΩ،10 kΩ،220 Ω 
 W10 µF, 100 µF,    









 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٦٢ - 

٣K אאW 
אאאא١٥J١K




٤K W
٤J١KאאKאאאאK

אאאאאK
٤J٢Kאאאאא١٥J٢אא

אאאאK 
٤J٣KאאאאKאא

אאאאR1FאS1KEאS1
W1

22

1

R
v
vr

r
v

R
v

i

i
i

i

ii

∆
=⇒=

∆riאK 

אאאאאאאKא
אאאFאS2KEאS2W 

١٥אJ١Wאא 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٦٣ - 

2
02

0
0

02

2

0

0 R
v
vr

v
R

v
r ∆

=⇒=
∆

r0אK 

 


٤J٤Kאאאא

אK
٥K אW
٥J١K אאאא١٥J١Kאאאא 

.dcאאאKאא
א7 V8 VK 

 vE (V)vC (V)





 
٥J٢K אB1אB2אאאא 

١٥אJ٢Wאאאאא 

vi1 vi2

∆vi

v01 v02

∆v0



א٢٤٠ א א א 

 אאFE א 
 
 

- ٦٤ - 

٢٨٠ mVpp Fv0ppE.אאAvKא
؟אאאא

 
 

vipp (mV)v0pp (mV)Av ϕv 


 
٥J٣K אאB1KאאK 
 

B2
B1 B1  א

vi1pp   (mV)vi2pp   (mV)∆vipp ri = (vi2pp /∆vipp)R1   (kΩ)


 
٥J٤K אא٥J٣אB2Kאא

אאאR2K 
 

B2
B1 B1  א

Vi1pp   (mV)Vi2pp   (mV)∆vipp 
ri = (∆vipp/ vi2pp)R1   (kΩ)










 
٥J٥K אB1B2Kאv0ppKאB2v0ppK

אאK 



א٢٤٠ א א א 

 אאFE א 
 
 

- ٦٥ - 

B1
B2 B2  א

V01pp   (mV)V02pp   (mV)∆v0pp  (mV) 
r0 = (∆v0pp/ v02pp)R2   (Ω)





 
٥J٦K אאאאאא

אאאאKא٥אJ٤א٥J
٥K 

 


א
iipp = vi1pp / ri 



א
i0pp = v02pp / R2 



א
Ai = i0pp / iipp 

 

א

GP = Av.Ai 




٦K אWא٠

 
 



٢٤٠ א א א 

 אאFE א 
 
 

 

א
 
 

F١WEא٧
F Characteristics of Op-AmpE        


F٢WEאא٨

FInverting AmplifierE


F٣WEאא١٤
FNoninverting AmplifierE


F٤WEא١٩

FIntegrator using an Op-AmpE


F٥WEאא٢٥
FSumming AmplifierE


F٦WEאא٢٨

FThe Differential AmplifierE


F٧WEאא٣٢
FComparatorE


F٨WEאאא٣٨

FWaveform Shaping Using Operational AmplifierE





٢٤٠ א א א 

 אאFE א 
 
 

 

F٩WEאא٤٠
FActive FiltersE


F١٠WEאאא٤٥

FThe 555 as Astable MultivibratorE


F١١WEאאא٤٨
FThe 555 as Monostable MultivibratorE


F١٢WEאאא٥١

FThe Phase-Shift OscillatorE


F١٣WEא٥٣
FWien-Bridge OscillatorE


F١٤WEאא٥٦

FCommon Emitter CircuitE


F١٥WEאא٦١
FCommon Collector CircuitE
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